I. INTRODUCTION
Flux-pinning and critical current density, J c , for YBCO superconducting films has been remarkably strengthened by the controlled incorporation of nanoscale defects into the films. [1] [2] [3] [4] [5] [6] In particular, epitaxial growth of self-organized, non-superconducting nanoscale defects aligned parallel to the c-axis of the film has resulted in strongly improved pinning and enhanced J c , particularly for the case where the magnetic field is also aligned parallel to the c-axis, H║c. [4] [5] [6] In addition to the incorporation of nanoscale defects, rare-earth (RE) element substitution in YBCO has been considered a complementary method for synergistic enhancement of flux-pinning. In fact, REBa 2 Cu 3 O 7-δ (REBCO) superconductors especially those with RE = Nd, Sm, Eu, and
Gd have been reported to result in superior superconducting performance including larger T c , J c , and irreversibility field, H irr , as compared to un-doped YBCO. 7 It has been argued that small amounts of RE substitution into the Ba site (driven by their similar ionic sizes) create strong pinning centers that are nanoscale low T c phases, without sacrificing the overall T c . 7 Synergetic improvement in flux-pinning by incorporation of BaZrO 3 (BZO) into REBCO films has also been demonstrated. [8] [9] However, fabrication of high quality REBCO films requires modification of growth conditions with typically higher growth temperature and/or lower oxygen partial pressure, or an additional seed layer to achieve 100% c-axis oriented films and to suppress excess RE substitution into the Ba site that significantly reduces T c . [10] [11] [12] That is why the successful growth of high quality REBCO films with higher self-field J c compared to YBCO films is not commonly achieved.
Previous studies have demonstrated that partial RE substitution onto the Y site would be a more effective and practical approach to achieving high J c films without changing growth conditions. 13-16 Y 1-x RE x BCO films with RE substitutions in the range of x = 0.1 to 0.5 have been reported to have higher self-field J c with enhanced in-field performance, as well as a higher T c even though the samples were deposited at identical growth conditions to the YBCO films. Additional nanoscale imperfections created by local strain fields associated with variations in ionic size between the RE and Y have been considered as a possible origin for such J c improvement. [13] [14] [15] However, there are no reports that clearly identify the types of defects that are dominantly formed and act as major pinning centers when the partial substitution of RE elements is realized.
In this study, we discovered a particular type of defects that originated when Sm was substituted on the Ba site as well as on the Y site in YBCO films and we investigated their correlation to flux-pinning characteristics. 18 A film thickness of ~800 nm was confirmed by cross sectional transmission electron microscopy (TEM) analysis. After deposition, the samples were in-situ annealed at T s = 773 K and P(O 2 ) = 500 Torr for 30 min. Ag electrodes were then sputtered onto the films followed by ex-situ annealing at 773 K for 1 h in flowing O 2 gas. In-field transport J c of the samples was measured using the standard four-probe method while applying magnetic fields, after the samples were patterned to a 200 μm-bridge-width by laser scribing. The angular dependence of J c was measured in the maximum Lorentz force configuration in which the field direction is always perpendicular to the direction of the current. Cross sectional microstructures were characterized by transmission electron microscopy (TEM).
II. EXPERIMENTAL METHODS
TEM cross-section specimens were prepared using the focused-ion beam (FIB) technique.
Texture and phase analysis was performed using X-ray diffraction (XRD).
III. EXPERIMENTAL RESULTS AND DISCUSSIONS
XRD results including θ-2θ scans, (006) ω-scans, (113) φ-scans and pole figures indicate that all the YSmBCO samples have excellent cube-on-cube epitaxy with 100% caxis orientation. As summarized in Table 1 
where the peak FWHM is given by
the peak shift is given by
where φ = 4πd 2 sinθ/λ, and θ 1 is the unshifted Bragg angle θ 1 = sin -1 (nλ/2d 1 ). The nature of the stacking fault is determined by measuring the width and shift of a series of (00l) reflections and fitting the values to Eqs. (2) and (3) H║ab. These SFs are also reported to be able to be random pinning centers when the field is away from H║ab. [23] [24] [25] Vortices could be pinned by the SFs themselves, or by the partial dislocations that form around the edges of a SF. Figure 3 
IV. CONCLUSION
In summary, the effect of Sm substitution on the Ba site as well as on the Y sites on the structural and superconducting properties of YSmBCO films has been investigated.
Sm substitution on the Y and Ba sites in YBCO films gives rise to 223 SFs aligned along the ab-plane. The stacking fault density was found to increase with increasing amounts of Sm substitution. The sample designed to study only Sm substitution for Y (x=0) resulted in the highest self-field J c with strongly enhanced flux-pinning for H║ab, which is probably due to forming an optimal density of the 223 SFs. As the value of x was increased from 0 to 0.15, corresponding to additional Sm substitution on the Ba-sites, the self-field J c at 77 K gradually decreased. However, the flux-pinning for H║ab was strongly enhanced by the increased number density of 223 SFs. 
